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Abstract
In sub-Saharan Africa, biomass fuels account for approximately 90% of household energy 
consumption. Limited evidence exists on the association between different biomass fuels and 
health outcomes. We report results from a cross-sectional sample of 655 households in Malawi. 
We calculated odds ratios between hypothesized determinants of household air pollution (HAP) 
exposure (fuel, stove type, and cooking location) and five categories of health outcomes 
(cardiopulmonary, respiratory, neurologic, eye health, and burns). Reliance on high- or low-quality 
firewood or crop residue (vs. charcoal) was associated with significantly higher odds of shortness 
of breath, difficulty breathing, chest pains, night phlegm, forgetfulness, dizziness, and dry irritated 
eyes. Use of high-quality firewood was associated with significantly lower odds of persistent 
phlegm. Cooks in rural areas (vs. urban areas) had significantly higher odds of experiencing 
shortness of breath, persistent cough, and phlegm, but significantly lower odds of phlegm, 
forgetfulness, and burns. With deforestation and population pressures increasing reliance on low-
quality biomass fuels, prevalence of HAP-related cardiopulmonary and neurologic symptoms will 
likely increase among cooks. Short- to medium-term strategies are needed to secure access to 
high-quality biomass fuels given limited potential for scalable transitions to modern energy.
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Introduction and Purpose
Approximately three billion people rely on biomass fuels to meet household energy demand 
(Guta 2014). Household air pollution (HAP) associated with burning biomass fuels is the 
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seventh-largest risk factor for global burden of disease (Forouzanfar et al. 2015); HAP 
contains harmful pollutants including fine particulate matter (PM2.5), carbon monoxide 
(CO), and polycyclic aromatic hydrocarbons (PAH) (Rosenthal 2015). Unsustainable 
harvesting of biomass and use of inefficient technologies have adverse consequences for the 
environment, economic development, and climate (Martin et al. 2014).
While the literature establishes an association between use of biomass fuels and health, few 
studies examine a range of biomass fuels and their relative health impact. Bailis et al. (2005) 
suggest that a shift from fuelwood to charcoal could have large health benefits for African 
populations, but systematic comparisons of different biomass fuels and their health impacts 
are needed. At currently low levels of improved stove availability and adoption, and biomass 
constraining land-use change in sub-Saharan Africa (SSA) (Jagger and Shively 2014), rural 
households are losing access to high-quality and preferred types of biomass, which we 
hypothesize has implications for health.
We explore this issue in Malawi, a country with a current population of 17.2 million 
projected to double by 2030 (World Bank 2016), where HAP is the fifth-largest risk factor 
for burden of disease (Forouzanfar et al. 2015), and where the annual deforestation rate is 
2.8% (MNREE 2013). Fuelwood accounts for over 90% of household energy (Jumbe and 
Angelsen 2011), and declining forest cover is affecting the quality, quantity, and type of 
biomass fuels available, leading households to cook with inferior fuels, alter cooking 
patterns, purchase rather than collect fuels, and walk longer distances to collect fuelwood 
(Brouwer et al. 1997; Lipper 2000; Bandyopadhyay et al. 2011). Access to modern fuels and 
improved cooking technologies is constrained by lack of resources, access, and reliability 
(Zulu 2010; Jagger and Jumbe 2016). Accordingly, HAP studies should examine the impact 
of the range and quality of biomass fuels used by households on health outcomes of cooks—
the population most exposed to HAP.
HAP is associated with numerous cardiopulmonary health problems, including chronic 
obstructive pulmonary disease (COPD) (Hu et al. 2010; Kurmi et al. 2010; Po et al. 2011; 
McCracken et al. 2012; Finney et al. 2013), acute coronary syndrome (Fatmi et al. 2014), 
cardiovascular disease (Brook et al. 2010; McCracken et al. 2012; Noubiap et al. 2015; 
Sinha and Ray 2015), and blood pressure (Baumgartner et al. 2011, 2014; Peña et al. 2015). 
HAP emissions are also associated with cancers (lung, mouth, pharynx etc.) (Hosgood et al. 
2011; Reid et al. 2012; Seow et al. 2014; Bruce et al. 2015; Josyula et al. 2015). Annually, 
COPD and lung cancer cause approximately 650,000 premature deaths among women (Van 
Gemert et al. 2015). Long-term exposure to PM2.5 is strongly associated with mortality from 
cardiovascular disease compared to non-malignant respiratory disease (Hoek et al. 2013).
Respiratory health problems associated with HAP include acute lower respiratory infections 
(ALRI) among children (Smith et al. 2000; Gurley et al. 2013), lung function decrement 
(Fullerton et al. 2011; Kurmi et al. 2014; Sinha and Ray 2015), reduced human macrophage 
oxidative burst, diminished inflammatory cytokine responses (Rylance et al. 2015), asthma, 
and tuberculosis (Smith 2000). Compared to clean fuels, cooking with biomass increases the 
risk of pneumonia by 80% (Dheerani et al. 2008).
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Recent studies have found associations between long-term exposure to PM2.5 among adults 
(>65 years) and neurodegenerative diseases such as dementia, Alzheimer’s, and Parkinson’s 
diseases (Kioumourtzoglou et al. 2016). Women’s exposure to wood smoke during 
pregnancy’s third trimester is associated with school-going children’s low scores on 
neuropsychological tests (Dix-Cooper et al. 2012). Children with no neurological or 
cognitive risk factors living in Mexico City (high concentrations of O3, PM10, SO2, NO2, 
CO, and Pb) are more likely to report loss in fluid cognition, memory, and performance of 
executive functions, compared to similarly healthy children residing in less-polluted urban 
Polotitlán (Calderón-Garcidueñas et al. 2008). Other HAP-related health problems include 
cataracts (Pokhrel et al. 2013), eye diseases (West et al. 2013), low birth weight (Amegah et 
al. 2012; Thompson et al. 2014), and burns (Wong et al. 2014). Research also shows that 
young children exposed to smoke from biomass fuels are more likely to have nutritional 
deficiencies including anemia and stunted growth (Mishra and Retherford 2007 in Fullerton 
et al. 2008).
Our objective is to describe the relationship between use of biomass fuels in Malawi, and 
HAP-related health outcomes. Our conceptual model assumes fuel quality is a proximate 
cause of exposure to HAP, which in turn affects health outcomes. A laboratory-based study 
of stove emissions found that charcoal stoves produced higher CO emissions and lower PM 
emissions than stoves using fuel-wood (Jetter et al. 2012). Bhattacharya et al. (2002) also 
found that CO emissions from fuelwood stoves were lower than those from charcoal stoves. 
Tryner et al. (2014) found that emissions from crop residues were much higher than those 
from wood pellets. Moisture, an indicator of fuel quality, produces higher CO emissions than 
dry fuel, and wet charcoal produces higher PM emissions for most stoves/fuel combinations 
(Jetter et al. 2012).
We also consider stove type and ventilation as proximate causes of HAP. Improved 
cookstoves (ICS) offer greater fuel efficiency and emissions reductions, and stoves with 
chimneys remove harmful pollutants from the cooking environment (Smith et al. 2011). In 
laboratory-based investigations, Ruth et al. (2013) find that improvements in ventilation may 
lead to reductions in exposure, equivalent to ICS intervention studies. Grabow et al. (2013) 
found that increasing air exchange rates reduced PM2.5 1-h concentrations by 93–98% 
compared to closed kitchens, and CO concentrations by 83–95%. Rumchev et al. (2007) 
found a significant relationship between window area and concentrations of CO and 
respirable particles. Albalak et al. (2001) and Rosa et al. (2014) estimate median exposure 
reductions of 57–73% for outdoor (vs. indoor) kitchens.
Higher exposures to HAP resulting from fuel, stove, and ventilation choices have 
implications for health. In a field-based study in Uganda, Jagger and Shively (2014) find a 
positive relationship between reliance on low-quality fuelwood and ARI prevalence for 
children under 5 years. Studies report reductions in various categories of health symptoms 
among women using improved stoves compared to traditional stoves for systolic and 
diastolic blood pressure (McCracken et al. 2007; Smith et al. 2011; Neupane et al. 2015); 
cough, sneezing, phlegm, chest tightness, wheezing, bronchitis, tears while cooking (Khushk 
et al. 2005; Smith-Sivertsen et al. 2009; Accinelli et al. 2014; Choi et al. 2015); and 
headache, eye discomfort, backache, preeclampsia/eclampsia, small for gestational age 
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births (Diaz et al. 2007, 2008; Agrawal and Yamamoto 2015; Yucra et al. 2014). The use of 
improved stoves also reportedly lowered kitchen concentrations of CO (Khushk et al. 2005; 
Masera et al. 2007; Smith et al. 2011), PM2.5 (Masera et al. 2007) and personal exposures of 
cooks and other household members to respirable particulates from biomass combustion 
(Balakrishnan et al. 2002).
Methods
We use cross-sectional data from a sample of 382 households1 collected in rural Malawi in 
October and November, 2013 in Machinga (18 villages) and Kasungu (26 villages) Districts. 
Data from 273 peri-urban households in Lilongwe District were collected in May–June, 
2014. Our sample of 655 households is randomly drawn from representative villages, and 
data were collected using a consistent set of survey instruments. The same team of 
enumerators and community health nurses were involved in the rural and urban data 
collection.
Kasungu District is located roughly 300 km north of Lilongwe. The average land holding is 
1.5 ha (National Census of Agriculture and Livestock 2010). The main agricultural crops 
planted are maize and tobacco; vegetables are grown in wetland areas; and many households 
keep cattle and goats. Access to major markets is limited. The study villages in Machinga 
District, about 200 km south of Lilongwe, are in a relatively population dense part of 
Malawi; the average land holding is 0.76 ha (National Census of Agriculture and Livestock 
2010). The main agricultural crops are maize and paddy rice; there is limited investment in 
livestock. The study area has good market access with 3 of Malawi’s 15 largest urban 
centers within 100 km of the study area. Study villages were selected using a stratified 
random sampling approach; households were randomly selected from a village census.
The urban study site includes 5 ‘Areas’ east and south of Lilongwe Town Center 
characterized as high-density suburbs selected as broadly representative of peri-urban 
Lilongwe. Households reside on small plots; most rent rather than own their houses and 
land. There are numerous informal markets for fuelwood and charcoal. The majority of 
households in the high-density suburbs engage in daily wage labor and informal sector jobs, 
and grow maize and vegetables on small plots. Market access is generally very good with 
local markets providing a wide range of consumption goods. Due to the challenge of 
creating a census in dense informal urban settlements, our sampling strategy was to visit 
every third household, moving rightward at the end of a street, from a randomly selected 
direction determined at a central meeting location.
We administered a household questionnaire to the household decision maker asking 
questions about household demographics; assets; land, and livestock ownership; wage and 
business income, income from agriculture and livestock; other sources of income; cash 
expenditures and purchases in the past 12 months; and recent unexpected crises.
1See http://fuel.web.unc.edu/mfls-survey/ for further details of the rural sample.
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For each household, we conducted a separate interview with the primary cook, defined as 
those who cooked more than 50% of meals during the past 30 days. Data were collected on 
demographic characteristics and socio-economic status of cooks; cooking technologies and 
fuels used2; ventilation of kitchen/cooking area; seasonality; smoking habit; other 
environmental exposures; perceptions of impacts of cooking practices; and experience and 
perceptions of different stoves/fuels. A trained community health nurse asked the primary 
cook a series of questions about prevalence of symptoms of cardiopulmonary, respiratory, 
neurologic, and eye health and burns during the past 12 months. Our model for estimating 
differences in health outcomes is as follows:
where Yij denotes a health outcome for primary cook ‘i’ in household ‘j’; Ωi represents 
confounding variables at the primary cook-level; αj denotes potential household-level 
confounding variables; and εij is the error term.
We analyze self-reported binary (No/Yes) symptoms of primary cooks’ health outcomes in 
the past 12 months for five categories: cardiopulmonary; respiratory; neurologic; eye 
problems; and burns or scalds.3 Explanatory variables include (a) categorical variable for 
inferior biomass fuels (vs. charcoal); (b) binary variable for traditional stove (0 if other; 1 if 
three-stone open fire; (c) categorical variable for cooking location (0 if fully outdoors; 1 if 
partially outdoors; 2 if fully indoors); and (d) binary variable for rural location (0 if urban; 1 
if rural). Confounding variables at the primary cook-level include age (in years), a 
categorical variable for education level (0 if no formal education; 1 if some primary 
education; 2 if some secondary education or above), and whether cook burns garbage (0 if 
no; 1 if yes). Household-level confounders include household size (and household size 
squared), number of household assets, and presence of biomass burning industry nearby. We 
estimate odds ratios and 95% confidence intervals (CIs) for the various health outcomes 
using the maximum likelihood estimation strategy (logit model) in Stata 14. The research 
was approved by the UNC-CH Institutional Review Board and the Malawi National Health 
Sciences Research Committee (NHSRC).
Results
In our rural sample, 42.2% of households reported using high-quality firewood as their 
primary fuel source, while 53.1% used low-quality fuelwood (Table 1). Crop residues and 
charcoal were used by 3.4 and 1.3% of rural households, respectively. The majority of 
households (89.8%) use the traditional three-stone fire as their main stove. Approximately 
85% of households cook indoors, usually in a designated kitchen, the majority of which are 
well ventilated.4 Other environmental exposures are considerable: 46.3% of households own 
2Household’s use of high- (e.g., wood sourced from natural forests, woodlots, or fuelwood markets, often hardwoods with relatively 
low moisture content) or low-quality firewood (woody plants and shrubs, smaller diameter trees, green, or wet wood) was based on 
respondents’ subjective assessment of the quality of firewood.
3Though our study collected data on cook anthropometrics, pulse oximetry and blood pressure, these indicators are being analyzed in 
separate papers.
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a biomass burning industry (e.g., brick making; beer brewing), and 86% of primary cooks 
burn garbage.
In the urban sample, charcoal is most commonly used as the primary fuel (90.1%). Stove 
type mirrors fuel choice; 88.6% use metal charcoal stoves, 10.3% use the traditional three-
stone fire, and 1.1% use “other stove type”. Only 27.8% of households cook indoors. Most 
cooking areas were well ventilated (93.8%). Environmental exposures experienced by urban 
cooks include ownership of biomass burning industry (25.3%), garbage burning (50.2%), 
and vehicle emission exposure (time walking on tarmac road).
On average, primary cooks in the sample are 37.3 years. Cooks in rural households are on 
average 10 years older than those in urban households. Cooks in urban settings are better 
educated, with 42.9% of the urban sample having some secondary education (vs. 8.4% in the 
rural sample). Household size did not vary significantly between rural and urban households. 
Asset ownership5 was higher for our urban sample (22.7 vs. 13.3 for rural households).
We found higher prevalence of all cardiopulmonary symptoms for rural households with 
shortness of breath while walking uphill (50%), difficulty breathing/chest tightness (23.6%), 
and chest pains/palpitations (27.2%) as the most common symptoms (Table 2). Prevalence of 
symptoms ranged from 8.1% (shortness of breath) to 11.7% (chest pains) for urban cooks. 
Prevalence of respiratory illness symptoms did not exhibit a consistent pattern. Cooks in 
rural households had relatively high prevalence of persistent cough (24.6 vs. 7.0% urban 
sample), whereas urban cooks experienced higher prevalence of phlegm at night (17.6%) 
and phlegm in the morning (19%) compared with cooks in rural households (5.0 and 9.7%, 
respectively). Neurologic symptoms were very common among both rural and urban cooks. 
Prevalence of forgetfulness was 42.9% for rural and 54.9% for urban cooks. Dizziness was 
also common (42.9 and 31.1%) in rural and urban samples. Prevalence of dry irritated eyes 
was more common for urban households (36.3% compared with 20.7% for rural sample). 
Most striking is the prevalence of burns in urban households: 86.1 vs. 42.9% for rural cooks.
We leverage heterogeneity in biomass fuel type, stove type, and cooking location to 
understand crude associations between the prevalence of each of the health symptoms, and 
the proximate determinants of HAP exposure.6 We present crude prevalence odds ratios in 
forest plots for the pooled urban and rural samples (Figs. 1, 2, and 3). We also use a series of 
logistic regression models to estimate adjusted prevalence odds ratios for all health 
symptoms, controlling for individual- and household-level confounding (Tables 3, 4, and 5).
Estimation of crude odds ratios suggests that primary cooks living in rural areas (vs. urban), 
using traditional stoves (vs. improved), using firewood (vs. charcoal), and cooking indoors 
(vs. outdoors) have higher odds of experiencing cardiopulmonary symptoms (Fig. 1).
4Well-ventilated kitchens were defined as those where most of the cooking was done partially or fully outdoors; there was a gap 
between the walls and roof; pitch of the roof in the cooking area was inverted “V”; and there were above average number of windows 
and ventilation holes.
5The asset ownership variable is a count of the number of assets (e.g., solar panel, electric fan, working television and/or radio, 
bicycle, cellphone, furniture, mattresses, metal or clay cookstove, lantern, mosquito net) households own.
6We exclude households that use crop residues as their primary fuel (n = 14) to limit the number of comparisons we make.
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Cooks in high-quality and low-quality firewood-using households (vs. charcoal) are three 
times more likely to experience chest tightness and chest palpitations (95% CI; P < 0.10). 
Cooks using crop residues as their primary fuel are six times more likely to experience 
shortness of breath at rest (95% CI; P < 0.05) and four times more likely to experience chest 
pains (95% CI; P < 0.10), controlling for confounding. Though the crude odds ratios show 
significant associations between the use of traditional stoves and cooking indoors, and each 
of the cardiopulmonary symptoms, after adjusting, we do not find any statistically 
significant results. After adjusting for individual and household-level covariates, we find that 
cooks in rural areas have significantly higher odds (six times) of experiencing shortness of 
breath going uphill (95% CI; P < 0.01) compared to their urban counterparts. All other 
cardiopulmonary symptoms are not significantly different between rural and urban cooks.
Our analysis of stratified rural and urban samples confirms our overall findings.7 For cooks 
in the rural sample, use of low-quality firewood (vs. high-quality) doubles the prevalence of 
shortness of breath walking uphill, and use of crop residues increases the prevalence of 
shortness of breath at rest by 5 times (95% CI; P < 0.01).
Respiratory symptoms’ crude odds ratios for the pooled rural and urban sample do not reveal 
consistent patterns (Fig. 2). Controlling for other factors, high-quality firewood has a 
significant protective effect on persistent phlegm (0.31) (95% CI; P < 0.10) compared to 
charcoal; cooks in low-quality firewood- and crop residue-using households compared to 
those in households using charcoal have significantly higher odds (5.39 and 11.59, 
respectively) of experiencing night phlegm (95% CI; P < 0.05) (Table 4). Traditional stove 
use and cooking location have no significant associations with any respiratory symptoms. 
Primary cooks in rural areas have significantly higher odds of experiencing persistent cough 
and persistent phlegm (5.12 and 4.61, respectively) (95% CI; P < 0.01), but significantly 
lower odds of phlegm at night (0.13) (95% CI; P < 0.01) and in the morning (0.45) (95% CI; 
p < 0.10), compared to their urban counterparts controlling for cook and household-level 
factors.
For our rural sample, cooking indoors has a protective effect on the prevalence of phlegm in 
the morning (0.36) (95% CI; P < 0.05). For the urban sample of cooks, use of firewood and 
crop residue, compared to charcoal, significantly increases the prevalence of morning 
phlegm (3.36) (95% CI; P < 0.10). Use of a traditional stove (vs. improved) has a very large 
effect, increasing prevalence of difficulty breathing when cough and phlegm get worse by 
more than 10 times (95% CI; P < 0.01).
Crude odds ratios for the pooled sample do not reveal clear patterns of prevalence of 
neurologic and other symptoms (Fig. 3). Prevalence of dry eyes and burns was more likely in 
households using improved stoves, charcoal, cooking outdoors, and in urban households.
Adjusted odds ratios for neurologic and other health symptoms (Table 5) show that primary 
cooks in low-quality firewood-using households (vs. charcoal) have significantly higher 
odds of forgetfulness (4.48) (95% CI; P < 0.05). We find strong associations between use of 
7Tables showing results of decomposed rural and urban samples are available upon request.
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crop residues and forgetfulness (9.13), dizziness (4.72), and dry irritated eyes (3.75) when 
compared with households that use charcoal (95% CI; P < 0.01, P < 0.05, P < 0.10, 
respectively). Traditional stove use has no significant association with any of these 
symptoms. Cooking fully indoors (vs. fully outdoors) is associated with significantly lower 
odds of burns (0.60) (95% CI; P < 0.10). Primary cooks in rural areas (vs. urban) have 
significantly lower odds of experiencing forgetfulness (0.11) and burns (0.21) (95% CI; P < 
0.01).
We find strong associations between neurologic symptoms and use of low-quality firewood 
and crop residues (vs. high-quality) as primary fuel for the rural sample. Use of low-quality 
firewood increases the odds of forgetfulness, dizziness, and difficulty concentrating between 
2 and 3 times (95% CI; P < 0.01); use of crop residues as primary fuel increases odds of 
forgetfulness and dizziness by more than 6 times (95% CI; P < 0.01). Cooking indoors (vs. 
outdoors) has a significant protective effect on the prevalence of burns (0.47) (95% CI; P < 
0.05). Our only significant result for the urban sample is that use of a traditional stove (vs. 
improved) increases the odds of forgetfulness by 3 times (95% CI; P < 0.10).
Discussion
Our analysis of health symptoms for primary cooks in Malawi offers a mixed picture of 
associations between types of biomass fuels, stove type, cooking location, and health. We 
find that use of high-quality firewood, compared to charcoal, often considered a ‘cleaner’ 
fuel, has significant positive associations with chest tightness and pain, but significant 
negative associations with persistent phlegm. We also find significant positive associations 
between use of poor-quality firewood and chest pains and forgetfulness. Use of crop 
residues, has significant positive associations with shortness of breath at rest, chest pains, 
night phlegm, forgetfulness, dizziness, and dry irritated eyes. Our results suggest that the 
types of biomass fuels households are using are important. In light of recent evidence of the 
association between long-term exposure to PM2.5 and neurodegenerative diseases 
(Kioumourtzoglou et al. 2016), it is particularly noteworthy that we find significant positive 
associations between two inferior biomass fuels and most neurologic symptoms analyzed.
We use charcoal as a referent category, as it is considered to be higher on the energy ladder 
compared to the other biomass fuels (Rehfuess 2006). Though we find evidence of positive 
associations between firewood and crop residue, compared to charcoal, and most health 
symptoms, our results do not favor promoting charcoal over fuelwood for two reasons. First, 
charcoal is associated with lower PM2.5 exposure but higher than WHO recommended levels 
of CO exposure (Ellegård and Egneus 1992) when compared to burning fuelwood or crop 
residues, making it of clear concern for health outcomes (Hampson et al. 1994). Second, 
policy supporting household transitions to charcoal as a primary fuel could have catastrophic 
environmental implications; charcoal production is a major driver of deforestation in 
Malawi.
We find surprisingly few associations between stove use and health outcomes. This is likely 
because the majority of improved biomass stoves used in Malawi do not offer significant 
reductions in emissions. While Fullerton et al. (2009) found that respirable dust 
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concentrations were comparable in rural and urban areas in Malawi; we find significant 
differences in the prevalence of HAP-related symptoms in rural and urban locations, owing 
to variability in type of biomass cooking fuel used.
Our analysis has been unable to account for environmental risks such as poor water quality 
and food insufficiency that could exacerbate HAP-exposed populations’ susceptibility to 
diseases. Future research should examine the exposure–response relationship between the 
types of biomass cooking fuels and other vital health indicators, such as lung function, and 
control for environmental confounders. Since the cross-sectional nature of our study does 
not allow for causal inferences, our findings must be confirmed in cohort studies, such as the 
Cooking and Pneumonia Study (CAPS) in Malawi—the world’s largest cookstove 
intervention trial (Ardrey et al. 2016).
Conclusion
Women in Malawi face numerous health risks associated with the use of biomass fuels. We 
find that the use of inferior biomass fuels, specifically low-quality firewood and crop 
residues are significantly positively associated with cardiopulmonary (shortness of breath), 
respiratory (phlegm at night), neurologic (forgetfulness, dizziness, and difficulty 
concentrating), and other (dry irritated eyes) symptoms.
Given high rates of population growth, forest loss, and lags in the delivery of modern energy 
services in Malawi, biomass stocks will decline in the coming years. Increasing the share of 
households relying on inferior biomass has implications for human health. Promoting 
cookstoves that significantly reduce fuel consumption could reduce the burden of disease 
from HAP if it allows households sustained access to higher quality fuelwood. A second 
policy option is establishing high-quality renewable biomass stocks through tree planting or 
other novel interventions (e.g., promotion of pigeon pea), which provide both food and a 
renewable source of fuel while fixing nitrogen in the soil. Interventions should be targeted to 
parts of the country where the share of households relying on inferior fuels is increasing. We 
fully acknowledge that burning biomass will not remove the health burden of HAP, but our 
results suggest that type of biomass households use has implications for health.
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Figure 1. 
Crude odds ratios for cardiopulmonary health outcomes by exposure category.
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Figure 2. 
Crude odds ratios for respiratory health outcomes by exposure category.
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Figure 3. 
Crude odds ratios for other health outcomes by exposure category.
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Table 1
Descriptive Statistics for Cooking-Related Exposures and Household Demographicsa,b.
Pooled sample Rural Urban Range
Main fuel used by household (%)
 High-quality firewood 28.1 42.2 8.4 0–1
 Low-quality firewood 31.5 53.1 1.1 0–1
 Charcoal 38.3 1.3 90.1 0–1
 Crop residue 2.1 3.4 0.4 0–1
Main stove type used by household (%)
 Traditional three-stone fire 56.6 89.8 10.3 0–1
 Metal charcoal stove 38.0 1.8 88.6 0–1
 Other (e.g., fixed mud stoves, hot plate) 5.3 8.4 1.1 0–1
Cooking environment and other environmental exposures
 Indoor cooking (vs. fully or partially outdoors) (%) 61.1 84.8 27.8 0–1
 Cooking area well ventilated (%) 86.4 81.2 93.8 0–1
 Household owns biomass burning industry (%) 37.6 46.3 25.3 0–1
 Primary cook burns garbage (%) 71.2 86.1 50.2 0–1
 Primary cook’s time spent walking on tarmac roads daily (in minutes) 2.5 (11.6) 0.0 (0.0) 6.0 (17.4) 0–168
Demographic variables
 Age of primary cook (years) 37.3 (13.8) 41.5 (15.0) 31.6 (9.7) 17–72
 Education of primary cook (%) 0–2
  None 13.9 18.9 7.0
  Some primary education 63.4 72.8 50.2
  Some secondary education 22.8 8.4 42.9
 Household size (number of household members) 5.7 (2.4) 5.8 (2.5) 5.5 (2.2) 1–15
 Household assets (number of household assets currently owned) 17.2 (10.3) 13.3 (8.1) 22.7 (10.6) 1–40
N 655 382 273
a
Difference of means test (t test) was conducted for all continuous variables, and Pearson’s χ2 tests for all categorical variables. Rural and urban 
samples are statistically significantly different at the 0.01 level for all variables except household size.
bStandard deviations in parentheses.
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Table 2
Descriptive Statistics for Health Outcomes in the Past 12 Monthsa.
Pooled sample Rural Urban Range
Cardiopulmonary symptoms (%)
 Shortness of breath (walking uphill) 32.5 50.0 8.1 0–1
 Shortness of breath (at rest) 10.5 13.1 7.0 0–1
 Rapid breathing 7.2 9.7 3.7 0–1
 Difficulty breathing/chest tightness 18.0 23.6 10.3 0–1
 Chest pains/palpitations 20.8 27.2 11.7 0–1
Respiratory symptoms (%)
 Difficulty breathing when cough and phlegm gets worse 8.7 11.5 4.8 0–1
 Cough and phlegm gets worse 14.8 15.7 13.6 0–1
 Night phlegm 10.2 5.0 17.6 0–1
 Morning phlegm 13.6 9.7 19.0 0–1
 Persistent phlegm 5.3 7.3 2.6 0–1
 Persistent cough 17.3 24.6 7.0 0–1
Neurologic and other symptoms (%)
 Forgetfulness 47.9 42.9 54.9 0–1
 Dizziness 38.0 42.9 31.1 0–1
 Difficulty concentrating 18.0 16.8 19.8 0–1
 Dry irritated eyes 27.2 20.7 36.3 0–1
 Burns 60.9 42.9 86.1 0–1
N 655 382 273
a
Pearson’s χ2 tests were used for all the binary health outcomes. Rural and urban samples are statistically significantly different at the 0.01 level 
for all variables except ‘cough and phlegm gets worse’ and ‘difficulty concentrating’.
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